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INCLUSIVE DIRECT-PHOTON AND tt'' PRODUCTION IN 
PROTON NUCLEON COLLISIONS 
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We present a study of inclusive direct-7 and tt" production in hadronic interactions that focuses on a 
comparison of the ratio of 7 and tt" yields with expectations from next-to-leading order perturbative 
QCD (NLO pQCD). 



1 Introduction and the 7/7r'^ Ratio 

Direct-photon production in hadronic coUi- 
sions at high transverse momenta (pt) has 
long been viewed as an ideal vehicle for ex- 
tracting the gluon content, G(x), of hadrons. 
The sensitivity to G{x) arises from the contri- 
bution of the Compton subprocess gq — > jq 
to direct-7 production. G{x) is well con- 
strained by other data for x < 0.25, but not 
at larger x. In principle, a precise measure- 
ment of direct-photon production at fixed- 
target energies can constrain G{x) at large x, 
and such data have been used in fits to global 
parton distribution functions (PDF). 

Deviations have been noted between 
measured inclusive direct-photon cross sec- 
tions and NLO pQCD. Ratios of data to 
theory for both 7 and pion production indi- 
cate substantial disagreement between data 
and pQCD, as well as between different 
experiments.Ll The latter is not completely 
surprising, because, especially for direct- 
photon production, signals are often small 
and backgrounds large, especially at lower 
energies. Several experiments show better 
agreement with NLO pQCD than others, but 
the results do not provide confidence in the 
theory nor in the quality of all data. Al- 
though it has been suggested that deviations 
from theory for both 7 and pion produc- 
tion can be ascribed to higher-order effects 
of initial-state soft-gluon radiation, it seems 
unlikely that theoretical developments alone 
will accommodate the observed level of scat- 
ter in data/theory. These discrepancies mo- 



tivated us to consider measurements of the 
7/7r° ratio over the available range of center- 
of-mass energies (y/s). Both experimental 
and theoretical uncertainties tend to cancel 
in such a ratio, and it is also less sensitive to 
the treatment of gluon radiation. A sample 
of the ratio of direct-7 to tt" cross sections for 
both data and NLO pQCD is given for inci- 
dent protons, as a function of xt = '^Pt/\/s, 
in Figs. 0-|. The results at Vs = 19.4 GeV 
are displayed in Fig. [l|. For all measurements, 
theory is high compared to data. (The NLO 
calculations use a single scale of /i = pt/'^, 
CTEQ4M PDFsji and BKK fragmentation 
functional for pions.) Figure g shows the 7 
to 7r° ratio at y/s « 23 — 24 GeV. Just as 
in Fig. |l|, theory is high relative to data. At 
larger ^/s, the NLO value for the ratio agrees 
better with experiment, as seen in Fig. for 
\/s ^ 31 — 39 GeV. At even higlier y/s, the- 
ory lies slightly below the data.tl A compi- 
lation of these results, displayed for simplic- 
ity without their uncertainties, is presented 
in Fig. 0. Here, the ratio of data to theory 
was fitted to a constant value at high-p^, and 
the results plotted as a function of ^/s. The 
results suggest an energy dependence in the 
ratio of data to theory for 7/77*^ production, 
already noted in Figs. 2-||. There are also 
substantial differences between experiments 
at low y/s, where the observed 7/7r° is small- 
est, which makes it difficult to quantify this 
trend. Recognizing the presence of these dif- 
ferences is especially important because only 
the direct-photon experiments at low energy 
have been used in PDF fits to G(x). 
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Figure 1. Comparison of '^//tt^ rates as a function of 
XT for NA3, E704, and E629 at V^ = 19-4 GeV. 
Overlayed are the results from NLO pQCD (solid) 
and fcji-enhanced calculations (dashed). Values of 
(fcji) used for the fcy-enhanced calculations are given 
in the legend. 



2 Corrections for Soft Gluon 
Emission 

In the absence of a rigorous theoretical treat- 
ment, a more intuitive, but often successful, 
phenomenological approach has been used to 
describe soft gluon radiation in high-pr inclu- 
sive production,Q and parametrized in terms 
of an effective kx that provided additional 
transverse impulse to the outgoing partons. 
This provided pr-dependent corrections to 
the NLO pQCD calculations. The correc- 
tions for direct-7 and n^ production in Fer- 
milab experiment E706 are large land com- 
parable) over the full range of pt-cI The cor- 
rections depend on the values used for (fcr), 
with changes of 200 MeV/c making substan- 
tial difference, and therefore making it dif- 
ficult to obtain the precision needed for ex- 
tracting global parton distributions. In ad- 
dition, there are different ways to implement 
such inodels,a'u which can produce quantita- 
tive differences in the fcT-correction factors. 
However, it is expected that, in the ratio of 7 
and TT*^ cross sections, the impact of kx cor- 



rections should be minimal, and this is ob- 
served in Figs. |l|-y, where the dashed curves 
indicate the predicted ratios using previous 
kx corrections .□ Thus, it seems that the 
trend in Fig. ^ cannot be understood purely 
on the basis of corrections for kx- 

Resummed pQCD calculations for sin- 
gle direct-photon prodnr tign are currently 
under development .EHilu'lill30 Two recent 
threshold-resunmied pQCD calculations for 
direct photonsEUD exhibit far less dependence 
on QCD scales than NLO theory, and provide 
an enhancement at high px- A method for si- 
multaneous treatment of recoil and threshold 
corrections in inclusive single-7 cross sections 
is also being developed. M This approach ac- 
counts explicitly for the recoil from soft ra- 
diation in the hard-scattering, and conserves 
both energy and transverse momentum for 
the resummed radiation. The possibility of 
substantial enhancements from higher-order 
perturbative and power-law nonperturbative 
corrections relative to NLO are indicated at 
both moderate and high px for fixed-target 
energies, similar to the enhancements ob- 
tained with simple fcj'-sniearing.Q 

Although there are discrepancies be- 
tween experiments, especially significant at 
low ^/s, there appears to be an unexplained 
systematic trend with energy in Fig. ^. Hope- 
fully, this can be clarified once resumma- 
tion calculations for inclusive pion produc- 
tion become available. Nevertheless, the re- 
cent developments in theory of direct-7 pro- 
cesses provide cause for optimism that the 
long-standing difficulties in developing an ad- 
equate description of direct-7 production can 
eventually be resolved, making possible a re- 
liable extraction of G{x) from such data. 

This report is based on work performed 
with L. Apanasevich, M. Begel, C. Bromberg, 
G. Ginther, J. Huston, S. Kuhlmann, P. Slat- 
tery, M. Zielinski, and V. Zutshi. I also wish 
to thank P. Aurenche, D. Soper, and G. Ster- 
man for helpful discussions. 



For Publisher's use 



WA70 

Vs=23.0 GeV 
^ _<kj>^ = 0.7GeV/c 
: <ltp>,= 0.8 G;^V/c 



NA24 - UA6 

Vs=23.8 GeV Vs=24.3 GeV 

_ (k^)^ = 0.7 GeV/c _ _ <kj)^ = 0.7 GeV/c 
: <k^>,= 0.8 GeV/c :: <lCp),= 0.8 GtV/c 



Figure 2. Comparison of j/tt^ rates as a function of 
XT for WA70, NA24, and UA6 at v/i Ri 23 - 24 GeV. 
(See text and Fig. 1 for additional explanation.) 
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Figure 3. Comparison of 7/77" rates as a function of 
XT for R806 at ^i = 31 GeV and E706 at v^ = 31.6 
and 38.8 GeV. (See text and Fig. 1 for additional 
explanation.) 









0. R806 


R806 

1979 RllO 
- 1989 






R806 


1980 


R806''* R807 






1980 


B E706 


1980 1990 








1998 


R807 
1985 


E629 
1983 


A UA6 
1998 


E706 
1998 






E704 










1995 


NA24 








NA3 


D 15S7 








19S6 


WA70 
1988 

1 .... 1 




1 .... 1 





Vs (GeV) 

Figure 4. Ratio of data tn-NLO for the 7/7r produc- 
tion as a function of ^/sa The values represent fits 
to the ratio of data to NLO pQCD theory, without 
fcy-enhancement (see text). 



